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電極関距離が 2μmになるときには減圧下 (lPa)で駆動した場合に比べ， 20μsec遅れが生じてい
た.特に電極間の距離が小さくなった場合に遅れが大きくなっている.
制 2-






























♂2h /"y， . oh _ T.'~ .1__ dx ~~~L1_ sdxdy JV(t) 12 凡例~;; +Cdx砂γ凡勺sinh-71h; (1・4)
となる.ここでρは微小領域dxdyの密度である.
一方，減圧下(1Pa)において空気の影響がないとすると，式 (1-4)の第 2項は 0となり，次
式となる.
47y 22110-P4ι叫んβ一三金j五位I (1-5) 
ρ'fmaxay ot2十 βMttYEJD出 v- 2 1 hoJ 
メンブレンの張力による復元力は空気の影響を受けないので， (1-4)式と(ト5)式の差から，






















































eJr:XV ♂σy ，ペぽ I l' _f¥ (ト10)ニ三+ーヱ+ん=υ 一一十一一十Jv=Vox ♂y 'Jx~' oy ♂x . Jy
となり，ここで，ん，んは薄膜の表面に作用する物体力である.曲げに関する応力の平衡方程
式は，部品開の流体の圧力pを考慮、して，次式のようになる，




ここで，paは大気圧 wは薄膜の垂在方向の変位， ρは薄膜の体積密度，ら1は膜厚である w また，
Dx;， Dxy， Dyy， Dss は直交異方性材料に関する曲げ関IJ性であり，次式で表される.
E..t} Evf..3 Vsx十Vsy)tm3一 '一 一一一一 司U汐 =120-vxVy)'AJxx-12(l-vxVy)' 宅 24ο-VXVy)
D 一生t Esy G_.= 百
6 砂 (1 +2vy)Ex +(1 +2vx)Ey 
縄 5-
(a) The air resistance force caused 
by the air inertia 
(b) The force caused by 
the air viscosity 
合J:?apinMm 
Cross section of the micro membrane 
The air pressure that caused by the effect of 
the air viscosity disturb the motion of the 
membrane. 
Fig.l・1Two kinds of the air resistance force.Wlute arrow stand for the force 















Table ト2RIE conditions for pol)μimide 
Capacity of CF 4 gas 7sccm 
Capacity of O2 gas 70sccm 
Pressure of chamber 50Pa 
RFpower lOOW 





(1) Deposit Si02 by sptturing 
(2) Spin coat poly-imide 
as sacrifice layer 
(3) Deposit AI by sptturing 
(4) Patterning AI 
(5) Remove poly-imide by RIE 
Fig.1-3 F abrication process of micro欄membrane
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Fig. 1-8 Relationship between air drag coefficient of the 






















ア 8 9 10 
Fig. 1-9 relationship between the velocity of the 
membrane deflection and the gap in case the 
membrane is driven by various increase rate 
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Fig. 1-10 Relationship between the air drag coefficient 
and the gap in case the membrane is driven by 
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Width of membrane (~m) 
Fig.1-11 Relationship between the width of the membrane 
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(b) In vacuum 
A-E 
Air 
(c) In air 
Fig. 1-12 Time dependent deflection of membrane 











































































g =l-l "1ハIOAI. -1.' ~llit J '“ 
(1-17) 
F こでOはメンブレンの中心点， Aは吐出口上の点であり，メンブレンの最大変位点の移動目
標;、ある B はメンブレンの変位の最大点の儲である また， V凶は変形前のマイクロポンプ。





































































































-2~O の位置付近で変形量に違いがみられる・これは，実験では領域の角に R を与えたことによ
り，曲げそーメントの伝達だけではなく，関IJ性も大きくなったためと考えられる.
-18・
Generate random thickness distribution (Parents) 
Calyculate deformation and fitness by FEM 
Select excellent population 







Next Generation (Children) 
庄閤










Fig.1-15 Model of lnicropump 
.20・
?Fig. 1-16 Thickness distribution and def1ection of membrane before optimization. 
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(a) Thickness distribution of micro岨membrane
Maximum deftection point 
(b) Membrane deftection 
Fig. 1-18 Thickness distribution and deflection of 2.μm and 3μm thick element 





(a) Tl山knessdistribution of micro欄membrane
-i _3.06~2仰m
(b) Membrane deflection 
Fig. 1-19 Thickness distribution and deflection of ~μmand4μm thick element in 40th generation 
0.025 0.05 
Fig. 1-20 Curvature of membrane after optimization by GA 
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Heat (110) silicon wafer 
at 12000C x 2hours 
Si02: 0.9μm 
Pattern Si02 and etch 
by BHF 
Etch silicon wafer by KOH 
to reduce the thickness 
KOH : 800C 40wt弘x1.5hours 




Deposit Si02 by sputtering 
Si02: 0.4μm 
Si02 
Etch silicon wafer by KOH 
KOH : 800C x 40wt% X 30min 
Spin on poly-imide 
Thickness 10μm Poly-imide 
Remove Si02 
Deposit AI for electrode 
¥ 
Bonding two parts by cyanoacrylate adhesive 




Pattern of thickness 
distribution 




Stage position (x.y) 
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Position(mm) 
Fig. 1-25 Comparison between membrane deflection of Experiment and that of calculated . 
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Hole Al block 
Fig. 1-25 Schematic drawing of PZT actuator. 
-30・
Fig. 1-27 Comparison of deflection between uniform electrode and distributed electrode. 
Table 1-5 Material properties on simulation 
Young's modulus of SUS 200GPa 
Young's modulus of PZT 83GPa 
Poisson ratio of SUS 0.3 
Poisson ratio of PZT 0.2 
Thickness of SUS 20μm 
Thickness of PZT 3μm 
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Deposit lower electrode on SUS 
Deposit PZT by sputtering 
Adhesion membrane on AI block 
Deposit and pattern upper electrode 
Fig. 1-28 Fabrication process of micro membrane actuated by PZT 
Center 
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Fig. 1-30 Input voltage for actuation of micro actuator. 
Fig. 1-31 Deflection of membrane at 10V 
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k31 = k33 = 
(a) Radial mode 
(も)Longitudinal mode 
k15 = 
(c) Shear mode 




Fig.ト2SEl¥1 image of PZT thin filn1 deposited on Pt/TiiSi02/Si substrate 
c 
a 
Pb 0 0 Zr (Ti) 
Fig. 1-3 Perovskite structure of Pb(Z仁Ti)03
37 
鱒 Pb 移叩)00 
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increase of tetragonaly ratio c/a 
under con1pressi ve strain 
under compressive straln 
Fig.1J Change of polarization direc-tion 



































している. Ptの下部電極層は 200nm成膜した. PZTの圧電性はそノレフォトロピック相境界



























































































に示す引張試験片形状の 114モデルを解析対象とした. PZT薄膜及びSUS430の物性値を Table4・1





















Table 2-1 Properties of SUS304 and SUS430吋
SUS304 
SUS430 








Gas f10w rate 
Gas pressure 
RFPower 
Sputtering time of Ti 









Table 2・3Conditions for depositing Pb(Zr， Ti)03 by sputtering 
*1長谷川正義監修，ステンレス鏑便覧，日刊工業社， (1973) 














































Table 2-5 coefficients in simulation 
Parameter Conditions 
Cll 8.73 X 10
10 [N/m2] 
C12 同1.55X 1010 [N/m2] 
C13 帽2.43X 1010 [N/m2] 
PZT C33 7.50 X 10
10 [N/m2] 
C44 2.07 X 10
10 [N/m2] 
d31 -63.7 X 10幽12 [mN] 
d33 152 X 10・12 [mN] 















15 20 25 30 35 
28 [degree] 
40 45 
Fig.2・.1(a)Xィaydiffraction of PZT thin tilm 
deposited on SUS304 substrate 
15000 
PZT (001) 
r-;:' 10000 I PZT (002) 
」Uta田J3嶋~
亘b再 5000 l PZT (101) 


















? 40 45 
Fig. 2-1(b) X-ray diffraction ofPZT thin film 




(a) cross section 
(b) surface 




(a) cross section 
(b) surface 
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F ig.乙4Equil ibr iumph as e diagr a mfor P ZT 
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structure 
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(a) Photographs of micro tensile test system 
Computer 
Pulse / Function 
Generator 
Anlplifier 
(b) Diagram of micro tensile test system 
Specimen stage 
Fig. 2-6 Schetnatics for measuring piezoelectric constant 
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F ig. 2-9 P iezoel ectric stres s for appl ied 
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比誘電率Br，及び誘電損失 tanJ.を測定した.その結果， Table 3-1に示すようにSUS304基板上のPZT



































一 (ゲ勾)2 bh32 
















































































Table 3・1Dielectric， ferroelec紅白，and piezoelectric properties of PZT thin films 
Sample 8 tan8 Pr Ec d31 
[%] [μC/cm2] [kV/cm] x 10・12[m/V]
PZTlPt/Ti/SUS304 244.7 2.46 55.0 120 輔59.3
PZTlPt/Ti/SUS430 384.7 2.39 50.2 110 四30.2
PZT IPtlTi/Si 02/Si 471.5 2.51 4.45 84.5 
(ref erence ) 
PZTlPtlTiぶ190*2 150-200 く2.00 > 50 150圃200 酬 100
PZT ceramics "'3 730 > 30 -93.5 














-400 酬200 O 200 400 
Electric field [kV icm] 
Fig.3圃1Polarization v.s. electric field hysteresis loop 













田0.4-0.2 0 0.2 0.4 0.6 0.8 
Applied strain [ X 10勺
Fig.3-3Dependence of dielectric constant 
on applied strain 
55 
z 
Fig. 3-2 Measurement system for evaluating dependence 
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Electric field [kV/cm] 
compressive strain (3300 X 10今
unstressed 
一一一-~tensile strain (4200 X 10-6) 
Fig. 3-4 Change in polarization hysteresis with applied strain 
for PZT thin fihns deposited on SU"S430 substrate 
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Abstract 
This study shows the possibility of controlling dielectric or piezoelectric properties of PZT 
thin film by applying strain after deposited on SUS 304 and SUS430 stainless steel. The 
results show that the relative dielectric coefficient increases with decreasing compressive 
strain. While the crystal orientation of PZT film deposited on SUS304 coincide with that on 
SUS430， the residual compressive strain in the former is different from the later. We 
compare the dielectric properties of PZT film deposited on SUS304 with that on SUS430 at 
the same strains in the films. Dielectric properties of the former agree fairly well with those 
of the later. 
1. Introduction 
For creating and designing micro幽electromechanicalsystems (MEMS)， new functiC?!1 ~1 
materials should be integrated on substrate， such as silicon and stainless. steel (SUS) 1)-4). 
Piezoelectric thin films， such as lead zirconate四titanate(PZT)， boron doped diamond and 
oxidized zinc (ZnO)， are the key materials for actuating the micro.剛electromechanicalparts. 
In the la_stdecades， many micro聞electromechanicalparts are actuated by the piezoelectric 
thin film5)品>.Although the-piezoelectric property is of major importance for the properties of 
MEMS， not much attention was given to measure the piezoelectric coefficient of the 
deposited thin film. Since the p戸iezoel恰ect廿ricthin film i陪sdeposit恰edby sput柱ter同ingand 之01卜.欄酬-g胸.
i the p阿iezoel恰ectr討巾iccoefficient is affected both by the deposition conditions and by the Z訂r/Tf 
ratio. However， it is common sense that the electro-mechanical properties of deposited thin 
film is not changed after deposition. Namely， to improve the properties， the resea~~h.，work 
has been done from the view of t削 lateria'-composition and deposition condition~:~・12). It is 
hard to find the literatures about improving the thin film properties a託erdeposition'':>). 
The aim of this study was to improve the piezoelectric properties of the deposited PZT thin 
film after deposition. If it becomes possible to improve the piezoelectric properties of PZT 
thin film after deposition， more effective MEMS devices can be designed and fabricated. 
Since the piezoelectric properties of PZγthin film is affected by its residual stress， two 
kinds of substrates which thermal expansion ratio are di汗erentwere used and the dielectric 
constant of the thin films was measured. For improving the piezoelectric properties of the 
deposited thin films， the external strain was applied to the thin films.山lecompared the 
dielectric properties of PZT film deposited on two substrates at the same strains in the films. 
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2. Experimental materials 
Since most of MEMS devices are functioning owing to the deflection of a cantilever or a 
membrane， the transverse piezoelectric coe仔icientd31 of deposited thin film is a major 
impoパance.The piezoelectric coefficient ぬ1is a function of dielectric constant 83 as， 
d31 = k31何83
where k31 is an electro畑 mechanicalexchange coefficient and SE1J is an elastic compliance. 
Since the elastic parameter #1J is necessary for the calculation of d31 are not known 
accurately， 833 is more practical for evaluating the piezoelectric property of the deposited 
PZT thin film. 
PZT that ZrfTi ratio was 53/47 was deposited on two SUS substrate， SUS 304 and SUS 
430. The thickness of the substrates was 100μm. The residual stress of the deposited thin 
films at room temperature relates to the thermal expansion rate of the substrate and of the 
PZT. 30nm Ti and 200nm Pt were deposited as an lower electrode at 6500C with 0.2kw 
sputtering. On the lower electrode， the PZT thin film was deposited at 6500C with 0.5kw 
sputtering. Thickness of the PZT thin film was 3口m.The deposition conditions for 
fabricating an experimental specimen， as shown in Fig.1， are summarized on Table.1. 





Parameter C onditions 
Ptl恒ISUS304，
Ptl宝i/SUS430






temperature 650 Oc 
Gas composition Ar(9SCC~+02(1.0SCC~ 
Gas pressure 4.0x10・1Pa 
RF Power 500 W 
The composition of the deposited 0eposition rate 17-20 nm/min 
PZT thin film was measured by EPMA. The ZrfTi ratio of the deposited PZT thin film was 
53/47.γhe SEM images of the deposited PZT thin films on SUS 304 and SUS 430 were 
shown in Fig 2(a) and (b) respectively. The crystal orientation of the deposited PZT thin film 
were measured by XRD as shown in Fig. 3( a) and (b). Since the XRD pattern of PZT thin 
film deposited on SUS304 is similar to that on SUS430 as shown in Fig.3， the crystal 
orientations of those two films appear to coincide with each other. It is shown that PZT thin 
films both on SUS304 and on SUS430 were oriented in the axis of (001) direction. 
Since the thermal expansion coefficient of SUS304 is 18. 7x1 0吋10Cland PZT bulk 
ceramic 8. Ox1 0・6[/OC1，the residual compression strain of the PZT thin film at room 
temperature (250(;) is assumed to be 6. 7x1 0-3. The residual strain of PZT thin film on 
SUS430 Js assumed to be 2.4x1 0-3 since the thermal expansion coefficient of SUS430 was 
11.9x10吋10C].The PZγthin film deposited on SUS304 is subjected to be compressed more 
than on SUS430. 
0.2 
Fig.1 Cross section of specimen 
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(a) on SUS304 (b) on SUS430 
Fig.2 SEM image of deposited PZT thin film 
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(a) on SUS304 (b) on SUS430 
Fig.3 XRD patterns of PZT thin films deposited on SUS304 and SUS430 
3. Improvement of piezoelectric properties 
There are many method have been reported to measure the piezoelectric properties. A 
resonant frequency was measured to characterize ZnO thin film. PZT thin films have been 
characterized by measuring the frequency shift of a resonant frequency and by measuring 
the force for bending the cantilever. In this study we measure the relationship between 
dielectric coefficient of PZT thin film and the applied strain by bending a deposited substrate 
as shown in Fig.4. One end of substrate was cramped and an external force was applied at 
the other end. The dieJectric coefficient of the PZγthin film was measure by the LCR meter. 
Since a thickness of the substrate is thick enough comparing to the thickness of the PZT 
thin film， itis assumed that the strain &xx of PZT thin fiJm is almost constant in thickness 




where t refers to thickness of substrate， 1 todistance from the fixed position， x the distance 








Fig.4 Schematic drawing of measurement system for measuring strain and electric 
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Fig.5 Relationship between relative dielectric coefficient and strain 
The relationship between internal strain and the dielectric constant of PZT thin films 
deposited on SUS304 and SUS430 substrates are plotted on Fig.， 5(a) and (b) respectively. 
The dielectric coefficient increases with decreasing the compression strain. Since 
piezoelectric property of PZT thin film is obtained by shifting ZrlTi atom according to the 
compression strain， the position of Zr or Ti atom changes by the applied strain. The 
dielectric coefficient was thus changed. The above results means that the dielectric 
coefficient of PZT thin film can be improved by applying the external strain. 
We compare the dielectric properties of PZT film deposited on SUS304with that on 
SUS430 at the same strains in the films as shown in Fig.6， 3.5x10六4.5x10・3and 5.15x10デ
The deposited thin film on SUS 304 was extended， on the contrary the thin film on SUS430 
was compressed. The dotted line means that the dielectric constant improved of PZT thin 
film deposited on SUS304 coincides with that on SUS430. The experimental results are 
Iitle di汗erseach other since the crystal orientation of the PZT thin film deposited on 
SUS304 is inclined a litle more than on SUS430. It can be said that dielectric prope吋iesof 























100 200 300 400 
εxx of extended PZT(SUS340 substrate) 
Fig.6 Relative dielectric coefficient of PZT on SUS430 vs. 
relative dielectric coefficient of PZT on SUS304 
4. Conclusions 
To improve the piezoelectric coefficient of PZT thin film， we deposited 53/47 ZrlTi ratio PZT 
thin film was deposited on SUS304 and SUS 430 substrate by sputtering. The relationship 
between dielectric coe汗icientand the internal strain of PZT thin film deposited on SUS304 
with that on SUS430 at the same strains in the films was measured. Dielectric properties of 
the former agree fairly well with those of the later. These results mean that it is possible to 
improve the piezoelectric properties of PZT thin film can be improved by applying external 
strain after deposition. 
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幅 2mm，厚さ:0.9mmである。続いて， 2つの glassの上に長さ:20mmのシリコンゴムを橋架け
て定常波を発生させる部分を完成させる(Fig.1・4)凸ここで，シリコンゴムの幅を 1mmとし， 1つの
PZT/SUS430/glass基板につき 2つのシリコンゴムを載せた。なお，シリコンゴムの厚さは 1.OOmmと
0.96mmの 2種類があり 1つの PZT/SUS430/Glass基板には同じ厚さのものを載せ，
PZT/SUS430/Glass基板について交互に厚さの異なるシリコンゴムを載せる。すなわち，シリコンゴム
は，厚さが1.00mm，1.00mm， O.96mm， O.96mm， 1.00mm， 1.00mm， O.96mm'"となるように並べ




Table 1 : dimension of actuator 
thickness(m length(mm) x 
material 
m) width(mm) 
Si rubber 1.00or 0.96 20XO.8 
g1ass 0.9 2X2 
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(1) 
である。ここで，Lは断面二次モーメント，Mは各材料断面に働く曲げモーメントであり，それぞれ，
























一九!::-+Yinゅ ω=ム全互+-PPZT +~ノin附叫 (5) 
E，".bt，"_ R ':>1 t"n'7'7' ET>'7'7'btT>'7'7' R PZT 
一九回 十 Y附伽~=d." 全v 十 -FLzT JYi腕ゆω (6) 
E"T"btC"'T R ':>1 tn'7'1' E庁 btn'7'1' R PZT """"PZ 
69 
が成り立つ。ここで，E ヤング率，b:板幅，t板厚 Yinterfacel:シリコンゴムと SUS430の界面のy
座標， Jう刀teI:ゐce2:SUS430とPZTの界面y座標，R曲率半径， dn: PZT の圧電歪定数， ~V 印加電圧
とし，添字は各材料を表す(Sirはシリコンゴム)。
また，力のつり合い
PpZT +PSUS十PSirニO (7) 
より，
d丹、bEn何
fLZT=31 Pu Av 
En庁 "，tn岬市1+ -1:'.ιf -rL-l 
Esustsus十ESirtsir
( 7 ~V Pn，押 1
九us= Esusbt susl -d31一一十 m l 
( 
:J! tpZT EpZTbtpZT) 




7 ~V PD?中 1
P"，. = E".bt，J -d今、一一一十 sL-I 副 f
( 
:J! t PZT EpZTbtpZT) 





式(1)~ (4)， (8) ~ (10)において，d31 = 9.0 X 10・12[C別]， ~V口 10[V]，Esus= 210[GPa]， ESir= 10[MPa]， 
















運動方程式は，加速度により及ぼされる力を eOJtf(x)とおくと，。2Y(X，t)， T:' /1 ， .:__ '¥Td4y(x，t) _i凶
μOt2+Er(1+iηs)1 
~ ~~' ~ /= e1cot f(x) (11) 
と書ける。ここで， μ:シリコンゴムの線密度，島:シリコンゴムのヤング率， η's:シリコンゴムの損





















η=η(η2 -3) 、 ? ，?????? 、 、
である。さらに，式(14)より， ? ?
?? ?
、 ， ?? ? ?? ? ? ??? (19) 
と置き換えられるので，結局，式(11)は，
μ竺立企+Hr立T(t)+HrT(t)zftEEL
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actuator Function Generator 
Fig. 15 : experimental set up 
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~ =~O(z)+ Pi(t，X，y，Z)， 
流体の密度を時間に関して定常なものと非定常なものに分けて
Pi= ρ~(z)+ δρi(t ， x， y， Z) ， 
とした.さらに2流体界面の微小振動を次式とした.
η=η(t，x，y) 
ただし i=l)2でそれぞれの流体を示しUj'νj， Wj ， op j ， 1]p jは微小変動項を示し，上添え字Oは定
常項を示す.微小工頁を省略すると，乱れを支配する方程式と境界条件式は以下のように求められ
る.
nβU; ()...，.()み1; 0 oUjO op目pVJ+du--4+piwー ムコーーよot '-1-1 δx .，-1..1 OZ ox 
Aみ)i • _OT TO OVj _ OPi piー よ+du--=-ー ム
IOX 今ノ







δx 今ノ oz 
と表すことができる.また圧縮性を示す式は，





-1 批 1 OZ 
?
、 ? ， ??
??
?







U.-=-Wi(αt z = 0) 
ot δx 
・ ~6) ， 
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また界面で、の法線方向の力のつりあい方程式は，上の(1)""'(6)式より，
fδWi ， _OTTO δwノ ，dpi liJ1! r寸ゴ(PiO一一+PiVU一一幽十一+ゆJdz=O
E→o J Z=V-TJ " 1 dt ' 1 - I針。z
と表せる.ただしgは重力加速度を示す.
(7)式を分解すると
r .L~ みV~ {\~ ~{\みu
liJ1! I ~: PiOーム十duoー ムdz+η(Pl-ρ2)g+(汽-P2)=O ・・・・・・・・ ~8)，





P2 -~ =一σ五2 ・・・・・・・・・・・・・・・・・・・粉う
であるので (9)式を(8)式に用いると，
r +17 ~O δWi ， _OTTO θWi ，.1_ I ~/ ~ ~ ¥ ~ _δ2η lim I プ p 一一+ρ U~V~dz+η(Pl -P2)g一σ一一 ・・・・・・・・・・仰)，。J勿 dt '.r-t ~ t & -~- . '1"'-1 ，1./0 - &2 
という式が得られる.よって 2流体界面における法線方向のカのつりあい式は，
r -1] ~O みダ O O 614t O2η iiII113ρi てL 十 ρ U~V~dz刊(P2-Pl)g =σ一 ・・・・・・・・・・・・(11)，J α1 -1δx -~- . '1 ，1. ，1/0 - &2 
と表されることが分かる.


















V2Oi = 0 (i = 1，2) ? ， ?






η= 6' exp[( j(kx十ωt)] 、 ， ，
、???? ，
?




































































供=U1x + (A1 cosh(kz) + Blsinh(kz))eexp[j(お+のt)]
O2 = U2X + (Az cosh(kz) + B2 sinh(kz))eexpU(kx+ωt)] ・・・・・・・・・・・(19)，
の形でなければならない.ただしAu，Biは未定係数.
(17)式より，未定係数Bl，B2が求められて，
広 =j(ω+kU1) .B内 =j(の十kU2) ・ ~20)， k ヲ三 k 
(20)式の値を(19)式に代入したものを(17)式に代入すると，
k(A1 sinh(k鳥)+ B1 cosh(k~)) = 0 




j(ω+kU2) cosh(kh2) ム= ・・・・・・・・・・・・・・・・・・・・・(22)，とな




ρ2 Cosh(khz) /，.， I lF T T ¥ 2 I P1 Cosh(k~ ) /，.， I lF T T ¥ 2 / '" . ¥.. _ -J，2 一 (ω+kU2)2 +一 (ω+kU})一(p2-Pl)g = dk~ ...・・(23)，k sinh( kh2) ， k sinh(的)
これがkとωの分散関係、式になる.ここでE.Fを次のようにおいて
cosh(的) r.' _ cosh(妨2)一1:E，P2-F----------------(24)，(23) 













実際の数値解析では Table1に示す 2流体の場合について， Table 2に示した
Ulと U2の流速比が 1，2ラ3ラ久10倍になるような組み合わせで計算した.また重
力加速度 gは 9.8065m/s2とした.ただし，流路壁までの距離 hl斗12=40μmとし
た.重力の効果を得るために質量の大きなものを上に側に配置した.
前節で解析した結果をもとにここで上げた数値を利用して計算した結果を





















































































試験片各部の寸法は， 1段目メンブレンの寸法，長さ 3mm，幅 40μm，厚さ 2μmであり，ポ
リイミドの厚さは 20μm，Si02は0.1μmである.つまり 1段目のメンブレンは下部電綾より 20
μm上方に位置している.またメンブレンは流路に垂直についているのではなく，メンブレン長





ラス基板上に絶縁膜として Si02をスパッタリング装置(アネルパ製 L・210s-FH ，RF Power 125w， 
Ar gas pressure 3.8 x 10-1 Pa， Sputtering tIme 3 OOmIn.)で0.1μm成膜し，その上に 20μmポリイミド
をスピンコート(1st 5s 500中m，2nd 30s 1300rpm)した.混風乾燥機を用いてポリイミドを由化(600C，
80min.)させたのち，高温真空炉を用いて温度を上げ熱処理した (4000C，120min.， 1.0 x 10ヤa).
次にポリイミド上に下段の電極となる 2.0μmのAl薄膜をスパッタリングにより成膜した (RF
Power 70W， 60min， Ar gas press町e3.8x印刷1Pa). ポジ型レジストの S1813を用い， Fig.6・1に示
すマスクによりパターニングを行い， 50: 5 : 1のリン酸・硝酸・酢酸混合液で30分間Alをエッ
チングした後， 1段目と同様にその上に 20μmポリイミドをスピンコート(1st 10s 500rpm ，2nd 30s 
1300叩m)した.温風乾燥機を用いてポリイミドを国化 (600C，80min.) させたのち，高温真空炉
を用いて温度を上げ熱処理した (4000C，120min.， 10-3Pa).次にポリイミド上に上段の電極とな
るAlをスパッタリング (RFPower 70W， 60min， Ar gas pressure 3.8 x 10・1Pa)により 2μm成膜し
た. 再び S1813を用い， Fig.6-2に示すノミターニングを行いAlをエッチングした後，反応性
イオンエッチング法 (RIE: Reactive Ion Etching) によりポリイミドのエッチングを行った. (RF 




レジスト SU-8をスピンコートし (1st 5s 500rpm，2nd 40s 1300rpm thickness40μm) ， 
5min 650C， 15min 950C Hot plateで焼く.その後 300mW/cm2露光し，再び 120
s 650C， 240 s 950C Hot plateで焼く.その後 SU・8DEVELOPERで現像し，イソ
ープロパノールで洗浄する，出来上がった SU-8型にシリコンゴムを流し込み，




scientific 社製 IC3210) を用いてエタノール流した
(10μl/hour ，28.8μl/hourラ288μl/hour，1 000μl/hour) . 
マイクロミキサーの動作測定結果及び考察
メンブレンの振動の様子は Fig.8で示す測定系で計測した.なお1.5 kHz'"'-' 200 
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Tab1e 2 Ve10city and frequency at peak 
2 3 5 
O.l 0.2 0.3 0.5 
O.l O.l O.l 0.1 
166 166 166 166 
378.7 249.7 185.7 123.3 
同0.210 0ー.211 圃0.211 -0.212 
3.78 X 10-2 3.79 X 10-2 3.78 X 10-2 3.79 X 10・2
0.5 0.33 0.2 
0.1 0.1 0.1 
0.2 0.3 0.5 
166 166 166 
幽0.211 酬0.211 圃0.212
256.3 193.5 129.6 
























Fig.2-2 Instability at Ul <U2 
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Fig.2・3Graphvelocity and frequency 
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F1gふl作oce話sand cond.itions for :t1tbricatin禁sarnple
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Fig6-2 2nd mask 
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Fig. 7-1 Fabricated micro mixing membrane 




















Fig.9・1Upper membrane's figure at 66Hz 
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Fig.ll・1Lower membraneラsdisplacement at 66Hz 
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Fig.14 Difficulザofthis system 
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